composition, studies were initiated to investigate the effect of shade on the chemical composition of herbage grown on two major parent soil materials during seasonal progression.
Study Area
The Black Hills of South Dakota and Wyoming are characterized by stands of ponderosa pine (Pinus ponderosa) interspersed with meadows, parks, and other openings. These openings cover one-fourth to onethird of the total area. Average annual precipitation varies from about 16 inches in the foothills and the southern part of the Black Hills to about 26 inches in the northern part; the greatest amounts fall in spring and early summer (Orr, 1959) . Average January temperatures are in the low 20's and average July temperatures are in the low 70's, with maximums and minimums more moderate than those of the surrounding plains. Average growing seasons at official weather stations vary from 97 and 154 days, depending largely on elevation. Elevations range from about 3,500 feet in the foothills to 7,200 feet at the highest point in the Black Hills. Two of the major geological formations are (1) a high limestone plateau completely encircling (2) a central area of igneous and metamorphic mountains.
Four primary site types were sampled in the study. These consisted of meadow and forested sites on both the limestone plateau and the metamorphic area. Zos uvu-ursi) , produced the re-.mainder, or about 20 percent of the total herbage weight.
Methods and Procedures
Herbage samples were collected at six paired meadow and forested range locations.
Three pairs were located on the limestone plateau and three in the metamorphic region. The meadow areas are typified by narrow Kentucky bluegrass bottoms referred to as "stringer bottoms." Forested collecting areas were located near the edges of moderately open ponderosa pine stands.
Herbage
samples were collected at Z-to 3-week intervals from early June to mid-August, and at 4-week intervals thereafter through midOctober in 1957, 1958, and 1959 
Results

Crude
Protein. (Fig. 1) . Roughleaf ricegrass had a lower range in crude protein content in early June, 11 to 14 percent, and a higher range in October, 7 to 10 percent, than any of the other species sampled.
Crude protein content was related to herbage moisture levels in all species. In Kentucky bluegrass, crude protein declined rapidly as herbage moisture declined from 75 to 80 percent to 55 to 60 percent, but the protein decrease was small at the lower moisture percentages (Fig. 2 ). In the other four species sampled a similar curve was obtained, except that crude protein decreases were greater as moisture declined below 55 to 60 percent. The index of correlation was Phosphorus content declined throughout the season in Kentucky bluegrass (Fig. 4) (Welton and Morris, 1928; Watkins, 1940) . High sugar content is usually associated with high palatability of for age to livestock. Sugars were not separated within the nitrogen-free extract analyzed in this study, hence it can only be inferred from the significantly lower nitrogen-free extractcontent of the shaded grasses that their sugar content, and consequently their palatability, was also lower. The significantly higher crude fiber content of the shaded grasses could also have contributed to reduced palatability, since crude fiber imparts mechancial toughness and contains the less digestible carbohydrate fractions and indigestible lignin. Certain animal behavior traits may have caused the animals to partially avoid the confinements of forested sites. Although the herbage on the forested sites contained less nitrogen-free extract and more crude fiber, its protein and mineral content indicated a potentially valuable feed source.
Decline of crude protein with advancing maturity of grasses and sedges has been reported by Cook and Harris (1950) . (Robertson and Torell, 1958 
